This randomized clinical trial evaluated the efficacy of five different adhesive systems in the restoration of occlusal cavities after one year of function. Two etch-and-rinse (Optibond™FL, Prime&Bond ® NT™) and three self-etch (Clearfil™SE Bond, Xeno ® III, Xeno ® V + ) adhesive systems were evaluated on 159 occlusal restorations, incrementally filled with a microhybrid composite resin. Restorations were assessed using the FDI criteria at baseline, 6 months and 1 year. Statistical analysis was performed with Friedman-test and Kruskal-Wallis test (p<0.05). At 1 year, 153 restorations were evaluated. A statistically significant decrease in the number of restorations with marginal adaptation classified as excellent occurred for the self-etch adhesives (p<0.01). Etch-and-rinse adhesives presented better performance than any of the self-etch systems (p<0.01) in terms of marginal adaptation. All cases were considered no less than satisfactory. Marginal adaptation was the most influent parameter on the distinctive performance of the adhesives where etch-and-rinse systems performed significantly better than self-etch systems.
INTRODUCTION
The increasing demand of patients for esthetic toothcolored restorations in posterior teeth, the improved biomechanical properties of resin composites, knowledge in adhesive systems and the possibility of minimally invasive interventions have made resin-based direct posterior restorations a routine and well-established procedure in dental practice 1, 2) .
Contemporary adhesive systems contain multiple and specific molecules in their formulation that meet identical functions, thereby sharing the same basic bonding mechanism. This mechanism relies on the replacement of inorganic tooth material by resin monomers that become micromechanically interlocked to the substrate 3, 4) . However, molecule chemistry, specificity, proportion of the incorporated ingredients and their interaction with different tooth structures varies greatly between adhesive systems with impact on the quality of the bond provided by each system [5] [6] [7] .
Self-etch adhesives were developed to overcome several shortcomings related to the etch-and-rinse approach, namely the susceptibility to variations in dentin moisture and the differential between deep demineralization and resin infiltration. Nevertheless, none of the current adhesive strategies is free of technique sensitivity and major concerns have been expressed in the literature regarding interfacial aging due to degradation of the bonded interface 8) . Only twostep self-etch adhesives, mainly those containing the 10methacryloyloxydecyl dihydrogen phosphate (10-MDP) monomer in their composition, have evidenced dentin bonding effectiveness similar to the gold-standard three-step etch-and-rinse adhesives 9) . Despite that, the quality and durability of adhesion to enamel using selfetch adhesives is still a controversial issue, particularly for those presenting mild acidity 3) . The one-step all-inone self-etch systems have revealed inconsistent and weaker adhesive performance that is dependent on the specific ingredient composition. Several drawbacks have been assigned to these systems, especially the high hydrophilicity, which makes them act as a permeable membrane, allowing water movement across the adhesive layer 3, 5, 6, 8, 10) . In spite of the compromised in vitro and in vivo findings associated to the one-step selfetch adhesives, the development of simpler and faster use adhesive materials has taken a large fraction of the adhesive dentistry market and gained popularity among clinicians, regardless of the scarce proof of clinical efficacy.
The clinical effectiveness of adhesives to dentin can be best determined using Class V cavities 6) but Class I or Class II cavities stand as a more suitable approach in enamel 11) . The stress-bearing posterior cavities can be useful to determine both the stability of bonding to enamel and the influence of enamel marginal deterioration on the progressive degradation of the dentin adhesive interface in the short-, medium-and long-terms.
Durable adhesion to enamel and dentin is a fundamental prerequisite to prevent premature marginal breakdown that can potentially undermine the clinical success. Marginal deterioration was considered a valuable parameter to predict the failure of a posterior composite restoration 12) . A review on the clinical effectiveness of direct posterior restorations concluded that the occurrence of marginal deterioration was mostly dependent on the adhesive system employed in the restorative procedure, being the incidence of altered marginal staining/marginal adaptation, respectively, 11%/13% for the etch-and-rinse approach and 21%/32% for the self-etch approach after four years of clinical evaluation 13) . Nevertheless, the data regarding the selfetch strategy included in that report was scarce due to lack of long-term studies using self-etch adhesives in posterior restorations. In fact, a more recent review with meta-analysis showed that available evidence is not only quantitatively and qualitatively insufficient to rank adhesive strategies in posterior load-bearing situations but also at high risk of bias, which leads to ambiguity regarding the most adequate adhesive strategy to use in posterior lesions 14) .
The aim of this randomized, blinded clinical trial was to evaluate the efficacy of five different adhesive systems in the restoration of occlusal cavities in posterior teeth over the course of one-year, using the FDI evaluation criteria. The null hypothesis (H 0) tested was that no significant differences would be detected among the esthetic, functional and biological properties of the five adhesive systems in any of the recall periods. Marginal adaptation was considered the primary outcome.
MATERIALS AND METHODS

Study design
The present study was a single-center, randomized controlled clinical trial conducted at the Department of Dentistry of the Faculty of Medicine of the University of Coimbra, Portugal, registered under the number ISRCTN87835631. The experimental design followed the Consolidated Standards of Reporting Trials (CONSORT) statement 15) . The protocol and consent form for this study were reviewed and approved by the Ethics Committee of Coimbra University Hospital Center (CHUC-15-09).
Patients were eligible to participate if they or their legal representative provided agreement to participate in the study; good general and oral health; permanent dentition and primary carious Class I lesions in the permanent molar or premolar teeth requiring restoration. Patients would be excluded if any of the exclusion criteria (Table 1 ) was verified. Reasons for exclusion are detailed in the flow diagram of the study (Fig. 1 ). More than one restoration was allowed per patient to ensure reasonable execution time for the study. A single trained operator previously calibrated for all operative steps performed all procedures.
The study enrolled 54 patients presenting a total of 159 occlusal carious lesions. After cavity preparation, teeth were distributed following a block randomization list with block sizes of 5 corresponding to the 5 possible treatments to ensure group consistency during recruitment. Allocation was revealed to the operator after cavity preparation by opening of a sealed envelope. The operator was not blinded to group assignment due to obvious differences in the application protocol of the materials. Patients and evaluators were blinded to group assignment. 
Restorative procedures
Operative procedures were conducted under rubber dam isolation (Flexi Dam ® non latex, Roeko, Coltène Whaledent, Altstätten, Switzerland). Class I (occlusal) cavities were prepared according to the minimal intervention dentistry model using medium-grit (≈115 µm) diamond bur (G835-314-008-3-ML, Diatech, Coltène Whaledent) at high-speed followed by slowspeed tungsten carbide bur (RA/C1-204-010/012/014, Diatech, Coltène Whaledent) under continuous water coolant and ensuring that cavosurface angles were located in enamel without any intentional bevel.
Complete removal of the carious lesion was confirmed with dentin spoon excavators. No cavity bases were used over dentin regardless of cavity depth. After randomization assignment, the adhesive systems were applied according to manufacturers' instructions. No selective enamel etching was performed for the selfetching groups. Light-curing procedures were performed with a LED-curing unit (Bluephase ® , Ivoclar Vivadent, Schaan, Liechenstein) in low intensity mode emitting around 650 mW/cm 2 . Adhesive materials, manufacturers, batch numbers, composition and application procedures are listed in Table 2 . All teeth were then restored using a micro-hybrid composite resin (Esthet•X ® HD; A2; Dentsply DeTrey, Konstanz, Germany, lot 1006292 and 06/2014 ED) employing the incremental packing technique with *The scores attributed to the parameter "radiographic examination" were adapted for the present study. DeTrey). Polishing was accomplished with concave shaped silicon carbide brushes (Optishine TM , Kerr, Bioggio, Switzerland).
Evaluation procedure
Two experienced and calibrated dentists independent to the clinical procedures and blinded to the assignment group performed the follow-up evaluations. Calibration was achieved via an online calibration system (www.ecalib.info). Unfortunately, at present, this URL may not be accessible. Both examiners evaluated all restorations once and independently. When disagreements arose during clinical evaluation, the examiners had to reach a consensus in the presence of the patient. The restorations were evaluated according to selected parameters included in the FDI criteria 16, 17) listed in Table 3 at baseline (BL), which were recorded between the third and seventh day after the operative procedure, after 6 (6M) and one-year (1Y) of clinical service. FDI criteria were ranked in five scores (Sc): Excellent (Sc 1); Good (Sc 2); Satisfactory (Sc 3); Mediocre (Sc 4) and Poor (Sc 5). Scores 1, 2 and 3 were considered success and scores 4 and 5 were considered permanent failures needing repair or replacement. Evaluated criteria are listed in Table 4 . The SemiQUAntitative Clinical Evaluation (SQUACE) criteria was also performed for the marginal adaptation parameter 16) . Each evaluator outlined the extent of the deteriorated margin on a sketch of the restoration and scored it in six levels according to the proportion of the total length of the margin affected.
Statistical analysis
Statistical analysis was processed with the IBM SPSS Statistics 20.0 (SPSS, Chicago, IL, USA) software system using the Friedman test for longitudinal evaluation of the adhesive systems. Comparison of different adhesive systems was performed with Kruskal-Wallis test. Significance level was set to α=0.05 for all analyses.
RESULTS
A total of 159 restorations were placed in 54 patients (22 males and 32 females) with a mean age of 21.5±5.8 years, ranging from 13 to 38 years. Figure 1 represents the study flow-chart. Recall rate after one year was 51 out of 54 patients with 153 restorations. Reasons for non-attendance patients were impossibility of contact (2) and beginning of orthodontic treatment (1) .
The clinical evolution of each group from baseline to one year is summarized in Table 4 and represented in Fig. 2 . All 153 restorations were considered acceptable at the one-year recall, as none of the examiners registered scores superior to 3.
Marginal and surface staining was the single esthetic property that showed statistical significant alterations from BL to 1Y in G1, G3, G4 and G5. Even though the increase in surface and marginal staining was not significant for G2 (PBNT), the trend was similar to that of the other groups.
All parameters evaluated under the biological properties remained stable with score 1 for all groups over the course of the study. One case of post-operative sensitivity was reported for groups G2, G4 and G5 at the baseline evaluation, which was reverted for G4 and Table 6 Inter-group comparison of functional properties across follow-up periods using Kruskal-Wallis for independent samples (p<0.05).
BL 6M 1Y
Functional properties
Fracture/Retention χ 2 (4)=0 p=1
Marginal adaptation In what concerns functional properties, a statistically significant decrease in the number of restorations with marginal adaptation classified as excellent (score 1) occurred for the self-etch adhesives from BL to 1Y. After one year of function, G1, G2, G3, G4 and G5 presented 96.7, 90.3, 45.2, 50 and 16.7% of the restorations rated with score 1 in the evaluation of the marginal adaptation, respectively. The remaining restorations were classified with scores 2 and 3, being score 2 the most common and score 3 found exclusively on self-etching adhesives. SQUACE scores were similarly affected and G5 (XV + ) rated a higher percentage of affected margins (Table 5) .
Accordingly, marginal adaptation and SQUACE were the only parameters with statistically significant differences between groups (Table 6 ). Both etch-andrinse adhesives, OBFL and PBNT performed similarly at 6M and 1Y evaluation (p>0.05). At 6M, OBFL presented statistically better marginal adaptation and SQUACE than any of the other three self-etch adhesive systems (p<0.01 for all comparisons, whereas PBNT, at the same period of evaluation, was only significantly different from XV + . At 1Y OBFL and PBNT presented statistically better marginal adaptation than any of the other three self-etch adhesive systems (p<0.01 for all comparisons of the two variables). At 1Y XV + presented significantly worse marginal adaptation than any of the other adhesive systems (p<0.01 vs. OBFL and PBNT; p=0.009 vs. CSEB; p=0.008 vs. XIII). Similar results were found for the SQUACE parameter.
DISCUSSION
Randomized clinical trials remain the ultimate tool for the evaluation of the clinical effectiveness of a restorative treatment 6) . The present study contributes with important clinical data regarding the use of different self-etching adhesives in posterior restorations and its comparison with two and three-step etch-andrinse systems at one year.
Even though bonding to etched enamel is still considered the gold-standard procedure to guarantee the most durable results of composite restorations regarding the stability of the margins 4) , self-etch adhesives have become very popular and widely spread mainly due to their user-friendliness and reduced application time despite the lack of clinical evidence regarding the durability of restorations using self-etching approaches in posterior stress-bearing areas 13, 14) .
The authors selected only Class I cavities and used the same composite resin material to exclude potential variables mostly related to its volumetric shrinkage, elastic modulus and thermal expansion 18) . Additionally, the application of an initial low-intensity light polymerization allowed the optimization of the curing protocol and polymerization kinetics 19, 20) , minimizing the possibility of difference among groups arising from factors other than the adhesive system 18) .
Among the five adhesive systems used in the present study, OBFL and CSEB were selected for being considered gold standard 6) for enamel and dentin bonding procedures due to their excellent and consistent results in some clinical trials with two years of followup 7, 11, 19) . The remaining adhesives were chosen from a single manufacturer in order to test alternative adhesive application modes within etch-and-rinse and self-etch approaches.
Among esthetic properties, staining was the parameter most affected in all groups after one year, which could be due to the fact that the classification system of the parameter includes both surface and marginal staining. Thus, the results could not be exclusively attributed to the adhesive systems but rather to a potential combined action of those with patient habits as well as composite resin finishing and polishing procedures. In the particular case of OBFL only surface staining was registered. All other systems tested registered surface and marginal staining, the latter less frequently.
For the two-step etch-and-rinse system PBNT, a performance similar to OBFL was found in the present study. Other clinical researches, most of them shortterm reports, demonstrate a similar trend for this adhesive system and others of the same category 21, 22) . The literature reports that two-step etch-and-rinse systems can be more susceptible to water degradation effects that interfere with stable resin-dentin bonds when compared with three-step etch-and-rinse systems. Nevertheless, as long as enamel is effectively conditioned by phosphoric acid, surrounding resin-infiltrated enamel exerts a protection role on resin-dentin bonds 23, 24) , which could justify the good clinical performance of PBNT over 1 year.
The self-etch adhesives tested in this study presented statistically significant worse marginal adaptation than adhesives that employed the etch-and-rinse approach with a considerable percentage of the margin perimeter deteriorated, particularly for the more simplified one, XV + . Only about 50% of the restorations bonded with CSEB and XIII and 20% of those bonded with XV + rated the highest performance score level of marginal integrity at the one-year recall, which should be taken into consideration by the clinician.
In NCCLs restorations, CSEB has shown retention rates between 95% and 100% up to eight years of follow-up 25) probably due to the micromechanical and chemical bond mechanisms and the separate hydrophobic layer that employs 26) . In this case, selective acid-etching of the enamel margins did not improve the retention rates despite enhancing the performance of the two-step selfetch adhesive in terms of marginal discoloration and marginal adaptation 25) . In Class II cavities, Ermis et al. revealed that CSEB and Single Bond had a similar clinical behaviour at two-years, with slight superior incidence of marginal deterioration for the self-etch adhesive 27) . Similarly to our study, Frankenberger et al. compared OBFL with XIII and CSEB in Class I cavities and concluded that after 2 years of clinical service, restorations bonded with self-etching adhesives did not fail clinically but exhibited significantly more marginal gaps (32.7% for CSEB and 53.2% for XIII) comparatively to OBFL (6.6%) 11) . However, care should be taken in the analysis of this work as only accounted for 8 restorations per group. In the present study, the progressive marginal deterioration found in the restorations performed with CSEB could be a consequence of the inferior enamel etching pattern triggered by this adhesive. We could speculate that if this adhesive was actively applied in enamel, a more regular etching effect and more pronounced intraprismatic resin penetration into demineralized enamel would enhance marginal integrity 28) .
One three-year follow-up study compared the performance of the two-step etch-and-rinse system Optibond Solo Plus with the self-etch system XIII combined with the composite resin Esthet X ® in the restoration of occlusal posterior cavities. No significant differences were recorded in the performance of the two materials, both registering high levels of alfa scores (related to the modified USPHS criteria) in marginal integrity, yet slightly inferior for the self-etch system 29) . While in that work 96% of the XIII based restorations were rated alfa for marginal adaptation at the one year evaluation, in the present 46.7% rated score 2 and 3.3% rated score 3 for the same parameter, which is clearly less acceptable. Despite being considered a strong selfetch system with high demineralization capacity, the hydrophilic nature of XIII may be the cause of the low bond effectiveness 30) .
In fact, most short-term studies involving posterior restorations with self-etch adhesive systems report less extensive loss of marginal integrity than the current work 7, 31, 32) . However, the results presented here are consistent with those of the study implemented by Perdigão et al., in which the one step self-etch adhesives disclosed significantly worse marginal integrity, color matching, surface texture and occlusal function in relation to the two step etch-and-rinse system studied 33) . Moreover, at the two-year evaluation, one of the selfetch adhesives studied was even considered clinically unacceptable. In the present study, a similar trend can be anticipated for at least the all-in-one self-etch system XV + .
One-step self-etch adhesive systems are complex mixtures of water, monomers, solvents and filler particles. These blends of hydrophilic and hydrophobic components have to simultaneously fulfil all the adhesive tasks of multi-step adhesives, which makes them sensitive to application errors 3) .
Although limited research has been conducted with the specific adhesive system XV + , it has been considered an optimized version of its predecessor Xeno ® V. Both formulations contain the most important and similar components with potential innovative functions 34) . Despite those potential advantages, several factors can be pointed out for the poor performance of XV + registered in this study which have been already discussed in a recently published in vitro study that indicated almost null enamel microtensile bond strengths with this particular adhesive system 28) . Its high hydrophilic nature and the absence of HEMA that requires strong airdrying of the adhesive before curing can lead to a critical reduction of adhesive layer thickness that combined with the scarcity of the hydrophobic fraction and the presence of the oxygen can restrain polymerization efficiency and, consequently, bonding effectiveness 35) . Short-term studies using self-etch adhesives in posterior restorations indicate that marginal integrity is the parameter most negatively affected 11, 22, 27, 29, 33) , which is in accordance with the present study. Probably, the poorer enamel bonds provided by self-etch adhesive systems are responsible for the premature loss of integrity of the margins, contrarily to the adhesives that carry out the etch-and-rinse approach, making the last technique more suitable for restoring cavities in posterior teeth 8) . However, only medium and longterm recalls will clarify how each of the tested adhesives resists to chemical-thermo-mechanical fatigue and how the restorative behaviour at resin-dentin interfaces is influenced.
The results indicate the rejection of the null hypothesis, because significant differences were found for the parameters allocated to the functional properties, marginal adaptation and SQUACE, over the course of one year of clinical function. The adhesive system used significantly affected the level of marginal adaptation in the restoration of occlusal posterior restorations.
CONCLUSION
Within the limitations of this study, no global clinical failures of the restorations were registered at the one-year recall. All cases were considered at least satisfactory. Marginal adaptation was the most influent parameter on the distinctive performance of the different adhesive systems. Etch-and-rinse adhesives revealed similar performance and were superior to any of the self-etch adhesives tested. Restorations bonded with self-etch adhesives exhibited significantly more enamel marginal defects. Nevertheless, those were clinically still acceptable and did not require any restorative intervention.
